From the chemical investigation of the methanolic extract of the roots of the Thai dipterocarp, Dipterocarpus tuberculatus, two new oligostilbene glycosides, dipterostilbenes A (1) and B (2), were isolated together with four known stilbenes. Their structures and relative configurations were determined on the basis of spectroscopic data. From an evaluation of cytotoxic activity against KB and HeLa cell lines, α-viniferin (5) and (-)-hopeaphenol (6) showed potent activity, but less than that of doxorubicin.
The genus Dipterocarpus (family Dipterocarpaceae) consists of over 70 species, which are medium-sized trees distributed in Bangladesh, Myanmar, Thailand, Cambodia, Laos and Vietnam. Dipterocarpus tuberculatus Roxb is the most abundant species in this genus in Thailand. Certain parts of the plant were used as traditional medicine, such as the leaf gum as an anti-venom agent and the roots as ectopic anti-inflammatory and anti-dysentery agents. This plant contains stilbenoids as its principal secondary metabolites [1] . According to phytochemical aspects, resveratrol, a common stilbenoid derivative, is able to undergo either homogeneous or heterogeneous coupling of monomeric stilbenoids to produce highly complex chemical structures [2] . Oligostilbenes exhibit a wide range of pharmacological and biological activities, including cytotoxicity against cancers, prevention and improvement of diabetic-related complications, and prevention and reduction of oxidative stress [3] . The present research is the first phytochemical report from this species. The methanolic extract of the roots was taken through a purification process and the isolated constituents were evaluated for cytotoxicity against HeLa and KB cell lines. Table 1 ). The significant HMBC correlations between H-7a/C-2a(6a), H-8a/C-14a, H-7b/C-2b(6b), H-8b/C-14b, H-7c/C-2c(6c), H-8c/C-14c, H-7d/C-2d(6d) and H-8d/C-10d(14d) support the respective C-C bonds C-1a/C-7a, C-8a/C-9a, C-1b/C-7b, C-8b/C-9b, C-1c/C-7c, C-8c/C-9c, C-1d/C-7d and C-8d/C-9d, which indicate the four resveratrol units, resveratrols A-D ( Figure 1A ). The additional HMBC correlation for the connection of these units (H-8a/C-10b and C-11b, H-7b/C-10a, H-7c/C-9b and H-8c/C-14b, C-9c and C-14c, H-8d/C-14c, C-10d) confirmed the respective C-C bonds between the units C-8a/C-10b, C-7b/C-10a, C-8c/C-14b, C-7d/C-1d, C-8d/C-10c and C-9d. Therefore, the partial structure of 1 was similar to that of either vaticanol B or vaticaphenol A, which were isolated from Vatica rassak and V. diospyroides at the same time [4, 5] . The J value of the anomeric proton [δ H 4.88 (1H, d, J = 7.7 Hz)] of glucose indicated the β-configuration. Additional analysis of the HSQC spectrum clearly showed one β-glucopyranosyl pattern and one correlation between an anomeric proton and an anomeric carbon (δ C 102.0). Furthermore, a long-range correlation between the anomeric proton and an aromatic carbon (C-4c, δ C 156.1) in the HMBC spectrum confirmed that the O-β-glucopyranosyl group was substituted at C-4c. The appearance of a glucopyranosyl group was confirmed by TLC analysis of the hydrolysis products of 1 with 1% H 2 SO 4 . The relative configuration of 1 was determined by NOESY experiments. The trans-1,2-diaryl-dihydrobenzofuran was confirmed by strong NOEs of H-7a/H-14a, H-8a/H2a(6a), H-7d/H-10d and H-8d/H-2d (6d). The strong NOEs of H-7b/H-7c, H-7c/H-14c, H-14c/H-8d and H-8b/H-8c additionally confirmed that aglycone 1 was a diasteromer of vaticanol B and vatdiospyroidol. These spectroscopic data allowed us to assign the relative structure of 1 as shown in Figure 1B .
Dipterostilbenoside B (2) was obtained as yellow amorphous solid with a molecular ion at m/z 639.1847 [M+Na + ] (calculated for 639.1842) in the HRESIMS, corresponding to a molecular formula of C 34 H 32 O 11 Na. The 1 H NMR spectrum indicated the presence of two sets of p-hydroxyphenyl groups [δ H 6.48/6.91 and 6.71/6.94], one set of A 2 X-type meta-coupled aromatic proton signals [δ H 6.08, NPC Natural Product Communications 2014 Vol. 9 No. 9 1323 -1326 6.16 and 6.38], one set of meta-coupled aromatic proton signals [δ H 6.23 and 6.25], and one set of mutually coupled aliphatic proton signals [δ H 3.80, 5.18]. In addition, the J values of the olefinic protons [δ H 6.03 and 6.18 (d, J = 12.0 Hz)] indicated the cisconfiguration of the double bond present in the resveratrol unit; this was supported by the UV (λ max 324 nm) and IR (v max 988 cm -1 ) spectra. The 2D NMR spectra of 2, including COSY, HSQC and HMBC, allowed the assignment of all proton and carbon signals ( Table 2 ). The significant HMBC correlations between H-7a/C-2a (6a), C-10b and H-8a/C-9a, C-10b, C-11b support the respective C-C bonds C-1a/C-7a, C-8a/C-9a, and C-8a/C-10b, which indicate the two resveratrol blocking units, resveratrols A-B ( Figure 2 ). The additional cross correlation observed for H-7a/C-11b supported the presence of an ether linkage, C-7a-O-C-11b, which was part of the dihydrobenzofuran moiety. These spectroscopic data are in good agreement with those of cis-ε-viniferin [6] . The absolute stereochemistry of the dihydrobenzofuran moiety was determined by CD spectroscopy. The CD spectrum of aglycone 2 showed two negative Cotton effects near 236 and 336 nm as compared with authentic (-)-ε-viniferin. ε-Viniferin is one of the common resveratrol dimers, which it mainly distributed in the familes Dipterocarpaceae, Leguminosae, Cyperaceae, and Gnetaceae. However, each plant family has stereospecific biosynthesis of this Oligostilbene glycosides from Dipterocarpus tuberculatus Natural Product Communications Vol. 9 (9) 2014 1325 resveratrol dimer. The positive optical activity of the resveratrol dimer, (+)-ε-viniferin, is predominant in the family Vitaceae, while the negative one, (-)-ε-viniferin, is dominant in the family Dipteracarpaceae and others [7] . Thus, the relative configuration of the aglycone moiety was deduced according to the ε-viniferin biosynthesis in Dipterocarpaceous plants and CD spectroscopic evidence. The J value of an anomeric proton [δ H 4.80 (1H, d, J = 7.3 Hz)] of glucose indicated the β-configuration. Analysis of the HSQC spectrum also showed one β-glucopyranosyl pattern and one correlation between an anomeric proton and an anomeric carbon (δ C 101.9). Furthermore, HMBC correlation between the anomeric proton and an aromatic carbon (C-11a, δ C 160.1) in the HMBC spectrum displayed the appearance of an O-β-glucopyranosyl linkage at C-11a. The appearance of the glucopyranosyl group was confirmed by TLC analysis of the acid hydrolysis products of 2. We found that compound 2 was a diastereomer of (-)-ε-viniferin glycoside, which was reported from the stem bark of Vitis vinifera [8] .
All isolated constituents were evaluated for their cytotoxicity against human cervical carcinoma (HeLa) and mouth epidermal carcinoma (KB) cell lines using the MTT assay. This method is well defined for the assessment of cytotoxic activity of natural products. Compound 5 was the most active oligostilbene against the KB cell line, with an IC 50 value of 2.29 µM, while compound 6 was the most active agent against the HeLa cell line, with an IC 50 value of 13.5 µM. However, these compounds were less active than the positive control, doxorubicin. The results also showed that the dimeric stilbenes, 3 and 4, were less active than the trimeric (5), and tertrameric (6) stilbenes (Table 3 ). It could be concluded that an increase in the number of resveratrol units tended to enhance antiproliferation activity. The continuous investigation of the cancer chemopreventive and chemotherapeutic effects of resveratrol revealed their potential use for these purposes [9] .
Resveratrol shows in vivo pharmacological effects on several types of animal cancer cells, even at a very low concentration [10, 11] . It is reasonable to presume that the obtained resveratrol oligomers would possibly be more potent than resveratrol, as demonstrated by our results, nevertheless both additional in vitro and in vivo studies are needed for the assessment of their pharmacological effects. Furthermore, the cytotoxic activity of the isolated resveratrol oligomers suggested the significance of these constituents in searching for new drugs to meet the urgent need for new anti-cancer drugs. 
Experimental
General: Optical rotations were measured on a Jasco P-1010 polarimeter (Jasco Cooperation, Tokyo, Japan), CD spectra on a Jasco J-815 CD spectrometer (Jasco Cooperation, Tokyo, Japan), UV spectra on a Shimadsu UV-2550 spectrophotometer (Shimadsu, Kyoto, Japan), and IR spectra on a Thermo Scientific Nicolet 6700 FT-IR spectrometer (Thermo Scientific, MA, USA 
Extraction and isolation:
The air-dried and finely ground roots of D. tuberculatus (5 kg) were sequentially extracted with CH 2 Cl 2 , acetone and MeOH in a Soxhlet extractor at 80°C for 12 h. The methanol portion was evaporated under reduced pressure to yield 38 g of crude extract. This was dissolved in water and filtered prior to adsorption on a dianion HP-20 resin column. The column was eluted with water, methanol and acetone, respectively. The methanol portion was evaporated and subjected to separation by vacuum column chromatography (VCC) over silica gel using a CH 2 Cl 2 −MeOH gradient solvent system (10:1 to 1:1) to obtain 4 sub-fractions (M1-4). Fraction M4 was separated by flash CC (silica gel Arch. No. 8795) using a gradient MeOH-CH 2 Cl 2 solvent (20-35% MeOH/ CH 2 Cl 2 ) to obtain pure fractions of dipterostilbenoside A (1) (45 mg) and dipterostilbenoside B (2) (6 mg). Fractions M3 and M2 were purified by open CC (silica gel Arch. No. 7734) using isocratic elution with 20% and 15% MeOH/CH 2 Cl 2 to obtained pure samples of (-)-hopeaphenol (6) (7 mg) and α-viniferin (5) (5 mg). Fraction M1 was separated by FCC with gradient elution of MeOH-CH 2 Cl 2 (5-10% MeOH/ CH 2 Cl 2 ) to obtained pure samples of pallidol (3) (12 mg) and trans-ε -viniferin (4) (75 mg).
Dipterostilbenoside A (1) Yellow amorphous.
